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Abstract: We studied electroless Ni-B plating with sodium borohydride as the reductant by linear
sweep voltammetry. The effects of bath solution composition and operating conditions on the cathodic
reduction and anodic oxidation were studied. Increases in the concentrations of nickel acetate and sodium
borohydride accelerated the reduction of Ni2 + and the oxidation of BH -4, respectively. Ethylenediamine,
sodium hydroxide, thiourea and saccharin sodium inhibited both the cathodic and anodic reactions to
varying degrees. Additionally, sulfur in the additives promoted the dissolution of nickel. High temperature
was beneficial to both the cathodic reduction and anodic oxidation.
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4H2O, 30.0 g·L-1; H2NCH2CH2NH2, 100.0 mL·L-1;
NaOH, 46.0 g·L-1; NaBH4, 0.8 g·L-1; CH4N2S, 0.5
mg·L-1; C7H4O3NSNa·2H2O, 2.0 g·L-1. 所用试剂均




镍电极(φ=5.0 mm), 每次实验前用 6#金相砂纸打磨
→Al2O3粉抛光→水洗→超声清洗; 辅助电极为铂片




量为 50.0 mL. 如非特别说明, 测试温度为 (85.0±







钠 2.0 g·L-1)电解液获得的阴极极化曲线, 电位
在-1.20 V以后出现明显的阴极电流, H+在镍电极表
面吸附并发生还原反应, 工作电极上伴有大量肉眼














程明显可以分为两个区域: -1.10 - -1.25 V, 电流密
度随电位缓慢增大, 推测为Ni2+→Ni+的过程, 反应速
图1 不同组成电解液的阴极极化曲线
Fig.1 Cathodic polarization curves of different
electrolytes
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到-0.75 V左右, 如曲线D所示, 说明乙二胺在一定
程度上抑制了BH-4的氧化. 工艺实验发现, 不含乙二
胺的化学镀液在制备过程中就因反应速率过快而分
解. 当乙二胺含量为100.0 mL·L-1时, 正常的镍硼镀
层的沉积速率则下降为 5.3 μm·h-1, 镀液的稳定性









况下, 增加乙酸镍含量, 镀液中自由镍离子越多, 扩
散通量越大, 到达电极表面的镍离子数目增多, 缩小


















是一个 8 电子的转移过程.7,8 文献 20采用循环伏安
图2 不同组成电解液的阳极极化曲线
Fig.2 Anodic polarization curves of different electrolytes
图3 乙酸镍浓度对阴极还原过程的影响
Fig.3 Influences of Ni(CH3COO)2·4H2O concentration
on cathodic reduction processes
图4 硼氢化钠浓度对阳极氧化过程的影响
Fig.4 Influences of NaBH4 concentration on anodic
oxidation processes
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Fig.5 Influences of H2NCH2CH2NH2 concentration on processes of cathodic reduction (a) and anodic oxidation (b)
c(H2NCH2CH2NH2) / (mL·L-1): (A) 50.0, (B) 100.0, (C) 150.0, (D) 200.0
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吸附层的存在, 抑制了BH-4的氧化反应.
另外, 硫脲也是一种有效的BH-4催化水解抑制
剂.27 文献 20研究发现, 在NaOH溶液中, 当硫脲/硼氢
化钠的摩尔浓度比为0.6时, 可以阻止反应中氢的自
发传递, 很好地抑制BH4-的水解. 图 6(b)中, 硫脲浓






























Fig.6 Influences of CH4N2S concentration on processes of cathodic reduction (a) and anodic oxidation (b)
c(CH4N2S) / (mg·L-1): (A) 0.5, (B) 1.0, (C) 1.5, (D) 2.0
图7 糖精钠浓度对阴极还原(a)和阳极氧化(b)过程的影响
Fig.7 Influences of C7H4O3NSNa·2H2O concentration on processes of cathodic reduction (a) and anodic oxidation (b)
c(C7H4O3NSNa·2H2O) / (g·L-1): (A) 1.0, (B) 2.0, (C) 3.0, (D) 4.0
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Ni+的络合反应, 造成Ni+放电速率减慢; 同时, 高浓
度的氢氧化钠造成电解液的粘度增加, 导致反应物







Fig.8 Influences of NaOH concentration on processes of
cathodic reduction (a) and anodic oxidation (b)
c(NaOH) / (g·L-1): (A) 30.0, (B) 38.0, (C) 46.0, (D) 54.0
图9 温度对阴极还原(a)和阳极氧化(b)过程的影响
Fig.9 Influences of bath temperature on processes of
cathodic reduction (a) and anodic oxidation (b)
T / °C: (A) 65, (B) 75, (C) 85, (D) 95
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许多化学镀镍的单个反应步骤在50 °C以上才有明
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